In this study, the authors identified maternal and child characteristics that were independent predictors of death from infectious diseases acquired in the community and determined if these factors could be used to identify groups of children with excess risk of mortality from infection. A historical cohort study was conducted of children less than 5 years of age between 1985 and 1994 (the study period), who were born in Tennessee, and had complete information on their birth certificates. The primary outcome was death from infection Identified from death certificates and confirmed through medical record review. Among the 1,014,976 children less than 5 years of age, who contributed 3,351,568 child-years of follow-up, there were 247 deaths from infections (7.4 deaths from infections per 100,000 child-years). Respiratory infections accounted for approximately one half of the deaths. Children having three or more older siblings or birth weight of less than 1,500 g had a 3-fold and 10-fold increased risk of death from infection, respectively, while children with both characteristics had a nearly 20-fold increased risk that persisted beyond the first year of life. Interventions should be focused on prevention of these infections in vulnerable children. At-risk children should be targeted for careful follow-up and early hospitalization when signs of infection develop. Am J Epidemiol 1999;150:517-27.
Infections are important contributors to childhood morbidity and mortality, despite the introduction of new vaccines and programs to increase immunization coverage in young children (1) . Among children younger than 5 years in the United States, an estimated 100,000 are hospitalized annually for respiratory infections, and 220,000 are hospitalized for diarrhea! illnesses (2, 3) . Mortality from infections accounts for 3-13 percent of deaths in children less than 1 year of age and 5-10 percent of deaths in children 1-4 years of age (4) (5) (6) (7) (8) .
Factors that increase the risk of death from infection include increased exposure to infection (e.g., day care attendance) (9, 10) and altered host defenses (e.g., prematurity resulting in functional immunocompromise) (6) . Although modifying all of these factors is difficult at present, identifying children at higher risk for dying from infection would allow better targeting of preventive resources.
The present study focused on deaths during a 10-year period from confirmed community-acquired infections in children less than 5 years of age. The study was conducted in Tennessee and utilized linked birth and death certificate files, US Census Bureau data, Medicaid enrollment files, and hospital medical records. The study objectives were to identify maternal and child characteristics that were independent predictors of death from infection and to determine if these factors could be used to identify a segment of the population with a substantial excess risk of mortality from infection, who might serve as target groups for future interventions.
MATERIALS AND METHODS

Study cohort
The study cohort was identified from computerized birth certificates (11) . The cohort consisted of children who were less than 5 years of age anytime between January 1, 1985, and December 31, 1994 (the study period), were singleton births born in Tennessee, whose mother was a Tennessee resident at delivery, and who had all key maternal and infant variables present on the birth certificates.
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Maternal/child characteristics
Maternal and child characteristics were obtained from birth certificate files and included the mother's age at delivery; race; marital status; years of education; number of prior children; date of first prenatal care visit; residence in a Standard Metropolitan Statistical Area (12); and the child's date of birth, sex, birth weight, and birth type (single or multiple gestation). Maternal income at the time of the child's birth was estimated from neighborhood income, using the block group mean annual per-capita income from 1990 US Census files (13) (14) (15) (16) . Computerized Medicaid enrollment files identified mothers enrolled in Medicaid at the time of delivery (11) .
Outcomes
The study outcome was death from a communityacquired infection in a child who had been discharged from a hospital following birth. Deaths were initially identified from computerized death certificate files linked to birth certificates using previously described methods (11) and included deaths for Tennessee residents who died in other states. Potential deaths from infection meeting study criteria were defined as deaths within the study cohort with a coded cause of death indicating any infectious or parasitic disease (International Classification of Diseases, Ninth Revision, Clinical Modification, codes 000-139) (17) or a coded cause of death contained in a list of other codes compiled from previous literature (appendix table 1) (4) (5) (6) (7) 17) . To increase sensitivity of outcome ascertainment, screening was intentionally broad, including deaths with codes that seemingly did not meet the study case definition (perinatally acquired infections, neonatal sepsis, and nosocomial infections; termed "low yield").
Medical records of all potential cases were reviewed to ascertain case eligibility and to obtain information on events surrounding the death. Confirmed cases were required to have autopsy confirmation that infection was the cause of death and/or at least two systemspecific symptoms or objective evidence of infection (laboratory, radiologic, or culture) (appendix table 2) (18) (19) (20) (21) (22) . Potential cases were also excluded if the child was never discharged from the hospital following birth, had a nosocomial infection, or had underlying immunocompromise (documented history of human immunodeficiency virus infection or childhood cancer).
Infections were grouped using International Classification of Diseases, Ninth Revision, Clinical Modification (4) (5) (6) (7) 17) , codes into those involving the respiratory system, central nervous system, and other systems (gastrointestinal system, heart and cardiovascular system, urinary tract). Infections that had clinical or microbiologic evidence of infection but did not have any primary organ system involvement were classified as sepsis.
Strict procedures to protect confidentiality were followed. All computer files with individual identifiers were kept in locked storage and were only utilized when it was necessary to do linkages. Alternative versions of these files, with personal identifiers removed, were used to perform all other analyses. Computer listings and chart abstract forms were kept in locked storage and were destroyed after use. All employees were instructed in these procedures and were required to sign a confidentiality pledge. Permission to review medical records at the 71 hospitals in Tennessee where children died from infection was obtained from the Vanderbilt University Institutional Review Board and from each medical center.
Analysis
Follow-up for patients enrolled in the study began either on the date of the child's birth or on the date the study began (January 1, 1985) , whichever was the more recent date. Follow-up ended at the earliest of the following: the date the study ended (December 31, 1994), the attainment of age 5 years, or the date of death (counted as one-half child-day). Strata were defined by the study variables, and stratum-specific mortality rates were calculated by dividing the number of qualifying deaths in the stratum by the childyears of follow-up. Migration out-of-state, estimated from intercounty migration for deaths in the cohort, was less than 10 percent, as previously described (23) . Poisson regression models were used to estimate the independent contribution of individual risk factors to risk of death from infection (24) . These models assume that, if there are n person-years of exposure for the stratum with covariate pattern x, then the number of deaths in that stratum has a Poisson distribution with a mean exp(;t'P), where P is a vector of unknown regression coefficients to be estimated. Initial models included maternal and infant variables from the birth certificate, block group income, and maternal Medicaid enrollment at delivery. The calendar year was included also to account for changes in health care delivery over time, and a time-dependent variable for season was included to account for exposure to different infectious agents during different seasons of the year. For each variable, the category found to have the lowest incidence rate in the univariate analysis was used as the referent in the multivariate analysis. There were no strong associations in either univariate or multivariate analyses between sex, county of residence, or mother's entry into prenatal care and death from infection, so these were dropped from the final analysis.
Analyses were conducted using a statistical program (SAS, version 6.11; SAS Institute, Inc., Cary, North Carolina) under Windows NT 4.0 (Microsoft Corporation, Redmond, Washington) on an Intel Pentium (Intel Corporation, Santa Clara, California) computer. All p values are two sided.
RESULTS
Identification of the cohort
There were 1,106,034 children less than 5 years of age during the study period who were born in Tennessee. Of these, 86,693 (7.8 percent) children were excluded because their mothers were out-of-state residents, and 4,365 (0.4 percent) children had missing data. The final cohort comprised 1,014,976 children with 3,351,568 child-years of follow-up.
Identification of the cases
Of 759 potential cases identified from death certificates, 247 were confirmed as deaths from communityacquired infections. Exclusions were for never leaving a hospital following birth (n = 392), missing medical records (n = 58), dead on arrival without autopsy (n = 32), documented human immunodeficiency virus infection (n = 13), cause of death not infection or unknown (n = 13), childhood cancer (n = 2), and nosocomial infection (n = 2).
Characteristics of the cases
Nearly one half (48 percent) of the deaths from infections were from respiratory illnesses and included deaths from pneumonia (n = 90), bronchiolitis (n = 17), or upper airway infection (croup or epiglottitis) {n = 12) (table 1). Central nervous system infections accounted for 21.5 percent of deaths from infections and included deaths from bacterial meningitis (n = 42) and encephalitis (n = 11). Sepsis deaths included bacterial sepsis (n = 20), viral sepsis (n = 9), fungal sepsis in nonimmunocompromised hosts {n = 2), and cases in which sepsis was diagnosed clinically, without recovery of an organism (n = 10). Other infections included myocarditis or pericarditis (n = 19), gastroenteritis (n = 9), pyelonephritis (n = 3), cellulitis (n = 2), and Rocky Mountain spotted fever (n = 1). Culture or antigen tests were performed for 214 children, with organisms recovered or confirmed in 131 (61 percent of children having culture or antigen tests performed).
For children who were not dead on arrival (n = 185), underlying cardiac disease was present in 11 children (6 percent) and developmental delay in 26 children (14 percent) (table 1) . There was a mean of 2.9 days between the onset of symptoms and final presentation (median, 1 day; range, 0-42 days), with children dying with confirmed sepsis having the shortest time between onset of symptoms and final presentation (mean, 1.9 days). During the current illness, 85 (46 percent) of the children who were not dead on arrival accessed the health care system prior to their final presentation, with a mean time between initial contact and final presentation of 2.0 days (median, 1 day; range, 0-23 days). Thirty-two percent of children with respiratory infections and 61 percent of children with central nervous system infections had a health care contact prior to their final presentation. Hospitalized cases had a mean stay of 5.7 days prior to death (median, 1 day; range, 0-119 days).
Maternal and infant risk factors
The study cohort had 7.4 deaths per 100,000 childyears from community-acquired infections (table 2) . The rate for children aged from birth to 5 months was 38.1 deaths per 100,000 child-years (129 deaths), 11.6 deaths per 100,000 child-years for children aged 6-11 months (40 deaths), and 2.9 deaths per 100,000 childyears for children aged 1-4 years (78 deaths).
On multivariate analysis, several maternal and infant factors were independently associated with increased risk of infection death (table 2) . Birth weight was one of the strongest predictors, with infants of birth weight less than 1,500 g having an incidence rate ratio of 10.1 (95 percent confidence interval (CI): 6.3, 16.1). This increased risk persisted for all birth weights less than 2,500 g. Children with birth weight less than 2,500 g accounted for 7 percent of the cohort person-time and 28 percent of the infection deaths. The number of older siblings at the time of birth was also associated with increased risk, with an incidence rate ratio of 3.1 (95 percent CI: 2.0, 5.0) for three or more older siblings and of 1.9 (95 percent CI: 1.4, 2.5) for one or two older siblings. Children with both birth weight less than 1,500 g and any older siblings in the home had an adjusted incidence rate ratio of 17.3 (95 percent CI: 9.1, 33.0). Maternal factors that were significant independent predictors of increased risk of death included age less than 18 years, being unmarried, and enrollment in Medicaid at the time of delivery. Deaths occurred in the months of October through March at a rate of 1.7 (95 percent CI: 1.3, 2.2) times that of deaths in the months April through September. Compared with calendar years 1992-1994, deaths in 1985-1988 had an incidence 
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Central nervous system (n = 53) 13 rate ratio of 1.4 (95 percent CI: 1.0, 1.9). Although maternal race, income, and education were significant predictors of infection deaths in the univariate analysis, they were not significant predictors after controlling for other risk factors.
Specific Infections
In general, maternal and infant factors that were independent predictors of overall mortality from infection also predicted risk of both respiratory and nonrespiratory infections (table 3). For both types of infection, there was a similar association of the child's age, birth weight, number of older siblings, maternal age, marital status, and Medicaid enrollment at birth with increased risk of death. While calendar year was a strong predictor of nonrespiratory infections only, season was an independent predictor for respiratory infections only.
Subgroups
We assessed whether the identified maternal and infant factors were predictors of mortality from infection within subgroups defined by the child's age and maternal Medicaid enrollment at birth. The marked contributions of birth weight and number of older siblings to the risk of death from infection persisted across all subgroups (table 4). Even among children 1-4 years old, those with a birth weight less than 1,500 g had a sixfold increased risk when compared with comparable children with a birth weight Am J Epidemiol Vol. 150, No. 5, 1999 of 2,500 g or more (incidence rate ratio = 6.4, 95 percent CI: 2.3, 17.8). With the exception of maternal age, which was associated with increased risk of death only in the first year of life, the patterns of association with other factors were similar for all subgroups.
DISCUSSION
We conducted a population-based study of deaths from community-acquired infection and identified 247 confirmed deaths from infection in a cohort of 1.4 million children less than 5 years of age bora in Tennessee over a 10-year period, a rate of 7.4 deaths per 100,000 child-years. Nearly one half of the deaths were due to respiratory infections (48 percent), with the remainder being central nervous system infections (21 percent), sepsis (17 percent), or other types of infection (14 percent). Several studies of childhood mortality from infection have used maternal and infant factors as surrogates for risk, which is convenient for large populations (4, 5, 7, 25, 26) . Factors associated with increased risk in these studies included low birth weight (4, 5, 25, 26) , Black maternal race (4, 5, 7), young maternal age (7), late entry into prenatal care (4, 7), unmarried mothers (4), small hospitals (4), male birth (25) , and increasing live birth order (4). These studies had many limitations. Since most of them did not confirm death from a communityacquired infection (4, 5, 7, 25) , they included many deaths in preterm children who were never sent home from a hospital following birth, which limits their capacities to disentangle the sequelae of in-hospital complications of preterm birth from other risk factors for death from infection. Most of the studies were unable to identify independent associations between maternal and infant risk factors and childhood mortality. Only one of the cited studies included infection deaths after the age of 1 year, and the data used for this study included only children bom between 1959 and 1966 (25) .
The current study addresses many of these limitations. All study deaths were confirmed to be from community-acquired infection by medical record review. The cohort included children beyond the age of 1 year from a more recent time period. Multivariate analysis identified those factors that independently contribute to increased risk of death. However, because of the study's historical cohort design, we could not assess several other factors that contribute to infection pathogenesis and severity, including breastfeeding, day care attendance, immunization status, prior use of antibiotics, nutritional status, and smoking in the home. The inability to include these other factors may have contributed to the surprising finding that maternal race, education, and income were not predictors of a child's risk of death from infection. The validity of the finding that these maternal factors were not predictors of a child's risk of death from infection is also limited by the use of a group measure for income, which would potentially result in misclassification. One further limitation is the possibility that some deaths were caused by infection but were coded as noninfection. This may be especially true for cases where a child is dead on arrival, such as might be seen in sudden infant death syndrome.
Infants with a birth weight less than 2,500 g accounted for less than 7 percent of the person-time in the study but for more than 28 percent of the overall death from infections and nearly 40 percent of the deaths from respiratory infection. Increased risk persisted beyond the first year of life. Premature infants have been shown to have hypogammaglobulinemia, even beyond 6 months of life (27) . It is not known what other factors may contribute to the increased risk after the first year of life. In addition to being at higher risk for mortality from infection, low-birth-weight children have been shown to suffer significant morbidity from infection as well, with greater than 20 percent of high-risk premature infants requiring hospitalization for respiratory syncytial virus bronchiolitis in some studies (28, 29) compared with only 1 percent of full-term infants and children requiring hospitalization for the same disease in another study (30) .
Low-birth-weight children were no more likely to seek health care before their final presentation than were normal-birth-weight children, despite their significantly increased risk. Neonatologists and primary care physicians need to collaborate to ensure careful follow-up of high-risk preterm infants, appropriate education of caregivers regarding the signs and symptoms of infections, and planning to rapidly provide care to children who develop infections. Special consideration should be given to preterm infants discharged to a home with any older siblings. Nearly 50 percent of the study deaths from infections were due to respiratory illnesses, and such deaths increased nearly threefold in the winter months. For high-risk children, immunization against respiratory infections such as respiratory syncytial virus when available, immunization of family contacts, and education of families and health care providers about early identification of the symptoms of respiratory infections might prevent some of the more serious sequelae of these infections. Better understanding of the factors contributing to the increased morbidity and mortality from seasonal infections in high-risk children is needed to effectively target prevention and education efforts.
More children with central nervous system infection sought care prior to their final presentation than those with other illnesses. Because the early signs and symptoms of central nervous system infections may be ambiguous, mortality from these infections may represent a failure of disease recognition at the first presentation or a failure for timely return. Families of children with febrile illnesses who are evaluated and sent home should be educated about the subtle signs of central nervous system infections, and timely follow-up by phone or in person should be aggressively pursued. Though the increasing use of Haemophilus influenzae type B immunization during the study period likely decreased the number of infections due to this agent (1), it should be noted that other infectious agents were recovered in more than half of the deaths from central nervous system infections.
Despite phenomenal progress in this century in decreasing the occurrence and severity of infections in young children, these diseases remain an important cause of morbidity and mortality. Our findings show that this burden is not distributed evenly among young children. Furthermore, low birth weight remains a significant risk factor for death from infection beyond the first year of life. There is a clear public health need to further elucidate the etiologic factors among these high-risk children and to develop effective interventions.
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